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ABSTRACT
Aims. We aim to compute the mass and velocity anisotropy profiles of Abell 2142 and, from there, the pseudo phase–space density
profile Q(r) and the density slope - velocity anisotropy β − γ relation, and then to compare them with theoretical expectations.
Methods. The mass profiles were obtained by using three techniques based on member galaxy kinematics, namely the caustic method,
the method of Dispersion - Kurtosis, and MAMPOSSt. Through the inversion of the Jeans equation, it was possible to compute the
velocity anisotropy profiles.
Results. The mass profiles, as well as the virial values of mass and radius, computed with the different techniques agree with one
another and with the estimates coming from X-ray and weak lensing studies. A combined mass profile is obtained by averaging
the lensing, X-ray, and kinematics determinations. The cluster mass profile is well fitted by an NFW profile with c = 4.0 ± 0.5. The
population of red and blue galaxies appear to have a different velocity anisotropy configuration, since red galaxies are almost isotropic,
while blue galaxies are radially anisotropic, with a weak dependence on radius. The Q(r) profile for the red galaxy population agrees
with the theoretical results found in cosmological simulations, suggesting that any bias, relative to the dark matter particles, in velocity
dispersion of the red component is independent of radius. The β − γ relation for red galaxies matches the theoretical relation only in
the inner region. The deviations might be due to the use of galaxies as tracers of the gravitational potential, unlike the non–collisional
tracer used in the theoretical relation.
Key words.
1. Introduction
The measure of the mass of cosmological objects, such as clus-
ters of galaxies, has proven to be an important tool for cosmo-
logical applications. The mass is not a direct observable, and
many techniques have been developed to infer it by measuring
observable quantities. Two methods that are widely used to infer
the mass profile of galaxy clusters are the X-ray and the lens-
ing techniques. The former makes use of the observations of the
X-ray emission of the hot intracluster plasma (ICM hereafter).
The lensing technique makes use of the relativistic effect of dis-
tortion of the trajectories of light emitted by distant background
galaxies caused by the mass of the observed cluster. These two
methods have some limitations either way. In the case of X-ray
technique, the limitation comes from the usual assumption that
the plasma of the cluster is in hydrostatic equilibrium, and the
cluster approximately spherically symmetric (Ettori et al. 2002)
with no important recent merger activity (Böhringer & Werner
2010). As for the lensing technique, its limitation is that it only
allows computing the projected mass, and this includes all the
line-of-sight (los) mass contributions. The complementarity of
the different techniques is a strong advantage for reliably con-
straining the mass of a cluster.
In this article, we use another kind of information that comes
from the kinematics of the galaxies belonging to the observed
cluster. In fact, the potential well of the cluster, due to the mass,
is the main driver of the orbital motion of the galaxies, which in
the absence of mutual interactions, can be treated as test parti-
cles in the gravitational potential of the cluster. The kinematics
of galaxies therefore carries the information about the mass con-
tent of the cluster. The motion takes place in a six-dimensional
phase space, but the observations are able to capture only three
of these dimensions, namely two for the position and one for the
los velocity. This is one of the most important limitations of a
mass estimate via observation of the kinematics of galaxies. To
overcome this problem, most methods assume spherical symme-
try.
A spherically symmetric density profile following the univer-
sal relation provided by Navarro, Frenk, & White (1996, 1997)
(NFW hereafter) has often been adopted in these analyses. Such
a profile is characterized by its “scale radius” parameter, which
is the radius where the logarithmic slope of the density pro-
file is equal to −2. With the advent of simulations with in-
creasingly higher resolution, the universality of the NFW den-
sity profile has been questioned (see e.g. Navarro et al. 2004;
Vogelsberger et al. 2011; Ludlow et al. 2013). While the self-
similarity of the density profiles of DM-only haloes may not
hold as well as initially thought, another physical parameter ap-
pears to have a quasi-universal radial profile, the pseudo phase–
space density (PPSD hereafter) Q(r) = ρ/σ3, where ρ is the
total matter density profile and σ the 3D velocity dispersion of
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the tracers of the gravitational potential (Taylor & Navarro 2001;
Ludlow et al. 2010). Still, some doubts have been raised about its
universality (Ludlow et al. 2011). The use of the radial velocity
dispersion instead of the total one has proven to be a valid and
robust alternative for computing the PPSD, in this case called
Qr(r). The link between these two formulations of the PPSD is
constrained by the velocity anisotropy (hereafter, anisotropy) of
the system, which plays a non trivial role in shaping the structure
of a system. The density profile and the anisotropy profile are
in fact found to correlate. An empirical relation is provided by
Hansen & Moore (2006) and Ludlow et al. (2011), linking the
logarithmic slope of the density profile γ = d ln ρ/d ln r and
the anisotropy β(r) = 1 − (σt/σr)2, where σr and σt are the
velocity dispersions of the radial component and of one of the
two tangential components, respectively. Hereafter we refer to
anisotropy as β or the equivalent σr/σt = 1/
√
1 − β2. We also
denote the relation between anisotropy and logarithmic slope of
the density profile as the β − γ relation.
In this article, we study Abell 2142 (A2142 hereafter), a
rich galaxy cluster at z ∼ 0.09. The large number of galaxy
members allows us to derive the total mass profile, to test dif-
ferent models, as well as to perform dynamical analyses in or-
der to derive the anisotropy of the orbits of galaxies that al-
lows to compute the pseudo phase–space density profile and
the β − γ relation. This cluster shows evidence of some recent
mergers. In fact, the X-ray emission appears to have an ellip-
tical morphology elongated in the north–west south–east direc-
tion (Markevitch et al. 2000; Akamatsu et al. 2011). The merg-
ing scenario is also supported by the presence of substructures
of galaxies lying along the direction of the cluster elongation, as
found in the SZ maps by Umetsu et al. (2009), lensing analysis
by Okabe & Umetsu (2008), and analysis of the distribution of
los velocities of Owers et al. (2011). However, after analysing
XMM-Newton images to investigate the cold fronts of A2142,
Rossetti et al. (2013) argue that the mergers have intermediate
mass ratios rather than major ones.
Throughout this paper, we adopt a ΛCDM cosmology with
H0 = 70 km s−1 Mpc−1, Ω0 = 0.3, ΩΛ = 0.7. The virial quanti-
ties are computed at radius r2001 .
2. The data
The photometric information has been obtained from the SDSS
DR7 database2 after searching for the galaxies that have
238◦.983 < RA < 240◦.183, 26◦.633 < DEC < 27◦.834 and
petroMagr′ < 22. The spectroscopic information has been pro-
vided by Owers et al. (2011). The full sample is composed of
1631 galaxies with both photometric and spectroscopic informa-
tion. The cluster centre is assumed to coincide with the X-ray
centre provided by De Grandi & Molendi (2002).
Two algorithms have been used to select cluster
members, those of den Hartog & Katgert (1996) and of
Mamon, Biviano, & Boué (2013), hereafter dHK and clean,
respectively. Both identify cluster members on the basis of
their location in projected phase-space3: R, vrest, using the spec-
troscopic values for the velocities. We adopt the membership
1 r∆ is the radius within which the mean density is ∆ times the critical
density of the Universe.
2 http://cas.sdss.org/astro/en/tools/chart/chart.asp
3 R is the projected radial distance from the cluster centre. We assume
spherical symmetry in the dynamical analyses. The rest-frame velocity
is defined as v = c (z − z) / (1 + z). The mean cluster redshift z is re
defined at each new iteration of the membership selection, until conver-
gence.
Fig. 1. Distribution of the galaxies of Abell 2142 in the projected phase-
space of projected radii and los rest-frame velocities. Cluster members,
as identified by both dHK and clean algorithms, are denoted by blue
filled dots. The red diamond is the galaxy identified as member by dHK
but not by the clean algorithm. The purple solid lines are the caustic,
described in Sect. 3. The vertical dashed line locates the virial radius of
the combined model (see Sect. 4).
determination of dHK, resulting in 996 members. In fact, the
clean algorithm removes one more galaxy that is very close
to the distribution of selected members and therefore seems
unlikely to be an interloper. Anyway, this galaxy is ≈ 3 Mpc
from the cluster centre, which should make no difference in
the analysis here. Fig. 1 shows the location of galaxies in
projected phase-space with the identification of cluster member
galaxies using the two methods. We use the method described
in Appendix B of Mamon et al. (2013) to obtain a preliminary
estimate of the virial radius from the velocity dispersion of the
cluster members. The value we obtain is 2.33 Mpc. This is used
later as an initial–guess value for the virial radius, only to be
successively refined with more sophisticated techniques (see
Sect. 4.2).
The cluster mean redshift and los velocity dispersion, as
well as their uncertainties, have been computed using the bi-
weight estimator (Beers et al. 1990) on the redshifts and rest–
frame velocities of the members: 〈z〉 = 0.08999 ± 0.00013,
σlos = 1193+58−61 km/s
2.1. The colour identification
We identify the red sequence iteratively by fitting the g′ − r′
vs. r′ colour-magnitude relation of galaxies with r′ < 19.5 and
g′ − r′ > 0.7, then selecting galaxies within ±2σ of the found
sequence (where σ is the dispersion around the best fit relation).
We refer to the cluster members within ±2σ of the red sequence,
and those above this range, as red sequence galaxies, and to the
cluster members more than 2σ below the red sequence as blue
galaxies, as shown in Fig. 2.
2.2. Removal of substructures
Owers et al. (2011) found some substructures in A2142, proba-
bly groups that have been recently accreted by the cluster. These
substructures can alter the kinematics of the system since they
still retain memory of the infall kinematics. For this reason, we
compute the mass profile of the system excluding the galaxies
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Fig. 2. Colour magnitude diagram g′−r′ vs. r′. Red (blue) points are rel-
ative to red (blue) member galaxies. Black points are galaxies for which
we have photometric information, that are not identified as members.
The red solid line locates the red sequence.
Table 1. Coordinates with respect to the cluster center, radii, and num-
ber of galaxies of the three main substructures, as found by Owers et al.
(2011).
xc [Mpc] yc [Mpc] r [Mpc] Ngal
S2 0.600 0.763 0.467 49
S3 2.007 1.567 0.700 54
S6 2.327 –0.180 0.812 53
belonging to these substructures. In particular we consider the
largest substructures in this cluster, namely S2, S3, and S6, fol-
lowing the nomenclature of Owers et al. (2011). Therefore, we
remove galaxies inside circles, the centres and radii of which are
reported in Table 1.
2.3. The samples
Some of the techniques (described in Sect. 3) that we use to
compute the mass profile of the cluster rely upon the assump-
tion of equilibrium of the galaxy population. Red galaxies are
more likely an older cluster population than blue galaxies, proba-
bly closer to dynamical equilibrium (e.g. Moss & Dickens 1977;
van der Marel et al. 2000). For this reason, red galaxies consti-
tute a better sample for such techniques. Among red galaxies,
those outside substructures (see Sect. 2.2) are the most likely to
be in dynamical equilibrium. We therefore use these galaxies for
determining the mass profile.
The three samples that are used hereafter are as follows. We
refer to the sample made of all the member galaxies to as the
ALL sample. BLUE is the sample made of blue galaxies, and
RED is the sample made of red galaxies not belonging to the
substructures described in Sect. 2.2. See Table 2 for a summary
of the number of galaxies belonging to each sample. The ALL
and BLUE samples do contain substructures.
Table 2. Number of galaxies in the three samples.
Sample ntot n200
ALL 996 706
RED 564 447
BLUE 278 162
Notes. For each sample, the total number of member galaxies and the
number of member galaxies within r200 are shown, the latter being the
value of the combined model (see Sect. 4).
3. The techniques
In this section, we briefly describe the main features of the three
different techniques used in this work to compute the mass pro-
file of A2142. Besides the virial values of radius and mass, we
obtain estimates of the mass scale radius, which is where the
logarithmic slope of the total density profile is equal to −2, from
which it is possible to recover the cluster mass profile. These
methods all assume spherical symmetry.
3.1. Methods
DK: The dispersion kurtosis technique, hereafter shortened to
DK, first introduced by Łokas (2002), relies upon the joint
fit of the los velocity dispersion and kurtosis profiles of
the cluster galaxies. In fact, fitting only the los velocity
dispersion profile to the theoretical relation coming from
the projection (see Mamon & Łokas 2005b for single inte-
gral formulae for the case of simple anisotropy profiles) of
the Jeans (1904) equation (see e.g. Binney & Mamon 1982;
Binney & Tremaine 1987) does not lift the intrinsic degener-
acy between mass profile and anisotropy profile determina-
tions (as Łokas & Mamon 2003 showed for the Coma clus-
ter). This technique assumes dynamical equilibrium of the
system, and it allows us to estimate the virial mass, the mass
scale radius and the value of the cluster velocity anisotropy,
considered as a constant with radius.4
MAMPOSSt: The MAMPOSSt technique, recently developed
by Mamon et al. (2013), performs a maximum likelihood fit
of the distribution of galaxies in projected phase space, as-
suming models for the mass profile, the anisotropy profile,
the projected number density profile and the 3D velocity
distribution. In particular, for our analysis we used different
NFW models for the mass and the projected number density
profiles, either a simplified Tiret profile (Tiret et al. 2007) or
a constant value for the anisotropy profile and a Gaussian
profile for the 3D velocity distribution. As in the DK method,
MAMPOSSt assumes dynamical equilibrium of the system.
By this method we estimate the virial mass, the scale radius
of the mass density profile, and the value of anisotropy of the
tracers.
Caustic: The caustic technique, introduced by
Diaferio & Geller (1997), is different from the other
two methods because it does not require dynamical equi-
librium. As a result, this technique also provides the
mass distribution beyond the virial radius. In projected
phase space (see Fig. 1), member galaxies tend to lie in
a region around vlos = 0 km s−1. Measuring the velocity
amplitude A of the galaxy distribution gives information
4 Richardson & Fairbairn (2013) have recently extended the DK
method to more general anisotropy profiles.
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about the escape velocity of the system. In turn, the es-
cape velocity is related to the potential, hence the mass
profile: M(r) = M(r0) + (1/G)
∫ r
r0
A2(s)Fβ(s) ds, where
Fβ(r) = −2piG (3 − 2β)/(1 − β) r2ρ(r)/Φ(r) (Diaferio 1999).
Because Fβ is usually approximated with a constant value
(Diaferio 1999; Serra et al. 2011), it is customary to call it a
“parameter”.
Since the DK and MAMPOSSt techniques make use of the
assumption of dynamical equilibrium of the system, the use of
the RED sample allows a more correct application of those tech-
niques, since this sample is likely to be the most relaxed sam-
ple. In fact these methods just need a tracer that obeys the Jeans
equation. As long as we consider a collisionless tracer, spherical
symmetry, no streaming motions, and a stationary system, DK
and MAMPOSSt are able to reliably recover the mass content of
the cluster. On the other hand, we use the ALL sample for the
caustic technique.
As discussed in Sect. 1, some studies suggest an elliptical
morphology of the system, with evidence of some recent in-
termediate mass-ratio mergers. Although this might violate the
assumptions of both spherical symmetry and equilibrium re-
quired in DK and MAMPOSSt, and the spherical symmetry
alone for the Caustic technique, these methods are not strongly
affected by this. In fact, they have been tested on ΛCDM haloes
extracted from simulations. Although these haloes are neither
spherical nor fully relaxed, and they present substructures, the
DK (Sanchis et al. 2004), MAMPOSSt (Mamon et al. 2013) and
Caustic (Serra & Diaferio 2013; Gifford et al. 2013) techniques
provide reliable estimates of halo masses. As we see below (Sect.
4), the fairly close results of these dynamical methods with those
from the weak lensing analysis (which does not assume equilib-
rium) of Umetsu et al. (2009) suggest that this cluster cannot be
far from dynamical equilibrium.
In all three methods, we consider the scale radius of the
galaxy distribution and the scale radius of the mass distribution
as two separate and independent parameters.
3.2. Practical implementation
To compute the parameter values with the MAMPOSSt tech-
nique, we have considered the galaxies of RED sample within
the “first guess” virial radius, presented in Sect. 2. As discussed
in Mamon et al. (2013) (in particular see their Table 2), MAM-
POSSt does not critically depend on this choice.5 We then per-
formed a Markov Chain Monte Carlo (MCMC) procedure (see
e.g. Lewis & Bridle 2002), using the public CosmoMC code of
A. Lewis.6 In MCMC, the parameter space is sampled following
a procedure that compares the posterior (likelihood times prior)
of a point in this space with that of the previous point, and de-
cides whether to accept the new point following a criterion that
depends on the two posteriors. We use the Metropolis-Hastings
algorithm. The next point is chosen at random from a hyperel-
lipsoidal Gaussian distribution centred on the current point. This
procedure ensures that the final density of points in the param-
eter space is proportional to the posterior probability. MCMC
then returns probability distributions as a function of a single
parameter, or for several parameters together. Here, the errors on
5 However, beyond ≈ 2.5 r200, the infall streaming motions are impor-
tant enough that the usual Jeans equation is inadequate for determining
the radial velocity dispersion (Falco et al. 2013).
6 http://cosmologist.info/cosmomc
Fig. 3. Fβ parameter as a function of clustercentric distance for an NFW
model. Black solid line refers to the isotropic case, while red dashed line
refers to an ML anisotropy (Mamon & Łokas 2005b) with ranis = rs.
Blue dash dotted line refers to the Fβ by Biviano & Girardi (2003). The
dotted vertical line locates the virial radius of the combined model (see
Sect. 4).
a single parameter are computed by marginalizing the posterior
probabilities over the other two free parameters.
For the caustic technique, we use the ALL sample, since the
equilibrium of the sample is not required, also considering the
galaxies beyond the virial radius. To apply the caustic technique,
the Fβ parameter (Diaferio 1999) must be chosen. The choice
of the parameter is quite arbitrary, so we tested three different
choices: the constant value 0.5, as first suggested in Diaferio
(1999); the constant value 0.7 as suggested in Serra et al. (2011);
and the profile described in Biviano & Girardi (2003). The last
is a smooth approximation of the Fβ(r) derived from numeri-
cal simulations by Diaferio (1999). The actual values of Fβ are
not likely to be very different from these we decided to test.
In fact, Fig. 3 shows that an NFW model leads to Fβ = 0.6
at r = 4 rs ≃ r200 for isotropic orbits, while for orbits with
ML (Mamon & Łokas 2005a) anisotropy, it produces Fβ = 0.7
at r = 4 rs ≃ r200. As a comparison, in Fig. 3 the profile by
Biviano & Girardi (2003) is shown. It has higher values in the
centre, but rapidly falls in the outer regions. The value 0.5 al-
lows us to take both the innermost region, where the values of
Fβ are very low, and the outer part, where the values are larger
and closer to 0.7 into account.
When using Fβ = 0.7 and the anisotropy profile of
Biviano & Girardi (2003), the estimated virial masses are much
greater than those obtained with the other techniques that rely
on the dynamics of galaxies, as well as the results coming from
the X-ray and the weak lensing analysis (see below). Therefore
we decided to consider only the caustic technique with Fβ = 0.5
(the same value has been recently adopted by Geller et al. 2013).
Given that for rs < r < 4rs ≈ r200 one can approximate Fβ ≃ cst
typically to ±11% accuracy, the mass profile returned by the
caustic method changes normalization but not the shape for dif-
ferent values of Fβ. Therefore this method turns out to be very
useful for constraining the mass profile shape, since it does not
assume a parametric profile like an NFW, so that we can check
whether the assumption of NFW for the mass profile is a good
one. We adopt r0 = 0, which relieves us from the choice of a
mass at some finite radius r0. Once we have computed the mass
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profile, we fit it with an NFW profile to obtain an estimate of the
mass scale radius.
3.3. The scale radius of galaxy distribution
The NFW scale radius of the galaxy distribution is used as in-
put for the DK and MAMPOSSt analyses, therefore it has been
computed for the RED sample. The number density profile of
the spectroscopic sample is affected by the incompleteness is-
sue. We need to known the distribution of tracers along the los.
Assuming spherical symmetry, we can adopt the deprojection of
the tracer surface density profile, but we must first correct for
spectroscopic incompleteness. Owers et al. (2011, see their Fig.
2) have measured their spectroscopic incompleteness in various
magnitude bins. Since their incompleteness depends rather little
on magnitude, we adopt their cumulative incompleteness mea-
sured for R ≤ 20.5. This completeness has then been corrected
in order to take into account the artificial reduction of the number
of galaxies due to the presence of a bright star in the cluster field.
Also, since we do not wish to consider galaxies inside substruc-
tures, we also have to correct the completeness to account for
the removal of the substructures. We divided the cluster in radial
bins and counted the galaxies inside each bin. In the bins where
the presence of the star and the removal of substructures causes
a lack of detection, the area of the bin is artificially reduced, and
the mean density of galaxies is computed in the remainder of the
bin. This value is then assigned to the whole bin.
The RED galaxy number density profile is well fitted by
a projected NFW profile (Bartelmann 1996; Łokas & Mamon
2001). The fit is an MLE fit performed on all RED members
that provide a scale radius 0.95±0.14 Mpc. The ALL and BLUE
samples are less concentrated, the values of the scale radius be-
ing 1.84 ± 0.25 Mpc for the ALL sample and 16 ± 11 Mpc for
the BLUE sample. A KS test (e.g. Press et al. 1993) provides an
estimate of the reliability of these fits. The probabilities of ob-
taining greater discrepancy by chance for the RED and BLUE
samples are P = 0.95 and 0.20, respectively, indicating that the
model adequately fits the data. However, for the ALL sample, the
corresponding probability is only P = 0.05, indicating that the
model only marginally fits the data. In Fig. 4 the surface number
density profiles for the different samples are shown. The scale
radius for the BLUE sample is very high and is due to a very flat
distribution of these galaxies.
4. Mass profiles
4.1. Mass profiles obtained from the different methods
We used the velocities of the galaxies within the “first guess”
virial radius (see Sect. 2) to compute the mass profile of A2142.
In Figure 5, the velocity dispersion profiles are shown, along
with the best-fit profiles coming from the DK and MAMPOSSt
analyses.
The DK technique assumes a constant value for the
anisotropy, while we have chosen two profiles for the anisotropy
model in MAMPOSSt, a constant value and a Tiret profile β(r) =
β0+(β∞−β0) r/(r+ranis). Here, we set β0 = 0 (inner isotropy) and
set ranis to the scale radius of the galaxy’s number density profile.
The maximum values of the likelihoods are similar when using
the two anisotropy models, therefore for the sake of simplicity
we consider only the case of a constant velocity anisotropy. In
Sect. 5, we compute the anisotropy profile for the RED sample
and find that indeed it is compatible with a constant value.
Fig. 4. Surface number density profiles for the ALL, RED, and
BLUE samples, along with their best-fit projected NFW profiles. The
dashed vertical line locates the virial radius of the combined model (see
Sect. 4).
We also tried to assume different mass profiles and velocity
anisotropy models in MAMPOSSt, namely a Burkert (Burkert
1995), a Hernquist (Hernquist 1990) and a softened isothermal
sphere profile (e.g. Mamon 1987; Geller et al. 1999), all with
both constant and Tiret anisotropy profiles. However our data-set
is not large enough to allow us to distinguish between these dif-
ferent models. All provide acceptable fits. As a consequence, the
resulting estimates of virial mass and mass profile concentration
are very similar to the case of NFW mass profile with constant
anisotropy, with differences of very few percent. We therefore
only considered the NFW model for the mass profile.
The results are summarized in Table 3. Figure 6 shows the
detailed results of our MAMPOSSt MCMC analysis. The mass
scale radius is not well constrained by MAMPOSSt. This does
not affect the subsequent analysis, since in Sect. 4.2, we perform
a weighted mean of the results from the different methods.
In Fig. 7, we show the mass profiles obtained from the dif-
ferent methods, along with the virial values of mass and radius.
The results coming from the X-ray (Akamatsu et al. 2011) and
weak lensing (Umetsu et al. 2009, WL hereafter) analysis are
also shown.
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Fig. 6. Parameter space and probability distribution functions for the virial radius, mass profile scale radius, and velocity anisotropy, as found by
MAMPOSSt. The coloured regions are the 1,2,3 σ confidence regions, while the red stars and the red arrows locate the best-fit values. These are
based upon an MCMC analysis with 6 chains of 40 000 elements each, with the first 5000 elements of each chain removed (this is the burn-in
phase that is sensitive to the starting point of the chain). The priors were flat within the range of each panel, and zero elsewhere.
Table 3. Virial quantities of Abell 2142 obtained from different techniques
Method Sample M200 [1015M⊙] r200 [Mpc] rs [Mpc] c σr/σt β
Caustic (Fβ = 0.5) ALL 1.26+0.54−0.42 2.17+0.27−0.28 0.58+0.12−0.10 3.7±0.9
DK RED 1.32+0.11−0.21 2.20
+0.06
−0.12 0.93
+0.39
−0.10 2.4±0.6 1.0+0.20−0.04 0.0+0.3−0.1
MAMPOSSt RED 1.28+0.14−0.49 2.18
+0.08
−0.32 0.83
+1.73
−0.35 2.6
+2.0
−1.9 1.0
+0.50
−0.20 0.0±0.6
Kinematics 1.31+0.26−0.23 2.19±0.14 0.64±0.17 3.4±0.9
X-ray 1.11+0.55−0.31 2.08
+0.30
−0.22 0.74±0.31 2.8±1.1
WL 1.24+0.18−0.16 2.16±0.10 0.51±0.08 4.3±0.7
Combined model 1.25±0.13 2.16±0.08 0.54±0.07 4.0±0.5
Notes. Values of virial mass, virial radius, mass scale radius, concentration, and two measures of the velocity anisotropy, for different techniques.
Also shown are the average value of the kinematical techniques after symmetrizing the errors and the value of the combined model, obtained as
the result of the average of all the values coming from the different techniques (see Sect. 5 for the average procedure). X-ray values come from
Akamatsu et al. (2011), weak lensing (WL) from Umetsu et al. (2009). Both for X-ray and WL we had the values and the errors of the virial radius
and the concentration: we have symmetrized these errors and propagated them to obtain the estimates of the errors on the mass scale radii.
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Fig. 5. Velocity dispersion profiles for the ALL, RED, and BLUE sam-
ples. For the RED sample we also show the best-fit profile coming from
the DK analysis (black), and the profile computed after the MAMPOSSt
analysis (dashed red). The dashed vertical line locates the virial radius
of the combined model (see Sect. 4).
4.2. Combined mass profile
We combined the constraints from the different mass modelling
methods to build a combined mass profile, assuming again an
NFW density profile. We attempted to give the same weight to
kinematics, X-ray, and WL in the final estimate of the param-
eters, so we computed single values coming from kinematical
techniques for the mass scale radius and virial radius. For this,
we took the mean of the values rs and r200 of the different meth-
ods, inversely weighting by the symmetrized errors. Since the
measures of these two quantities by the various methods are not
independent (as they are based on essentially the same data sets),
we multiplied the error on the average by
√
3, 3 being the num-
ber of values used to compute the average. In fact, the usual er-
ror on the weighted average decreases like the square root of the
number of values.
The mean value and its error are shown in the left panels
of Fig. 8. In the right panels of Fig. 8, we plot the values of
mass scale and virial radius obtained from the three indepen-
dent methods: kinematics, X-ray, and WL. The average error-
weighted value and its error, this time computed without multi-
Fig. 7. Mass profiles computed from the different methods. The black
dash-dotted line and the triangle with error bars refer to DK technique,
the dashed blue line and blue square to the caustic method, the solid red
line and red point to MAMPOSSt. The symbols with error bars refer to
the virial mass and radius. The purple asterisk with error bars and the
purple dash triple dotted line are the result of the X-ray analysis, while
the orange diamond with a long dashed line is the one coming from
weak lensing analysis. The shaded area is the 1σ confidence region of
the mass profile according to the MAMPOSSt results.
Fig. 8. Virial (top panels) and mass scale (bottom panels) radius for
all the methods. Left panels: blue diamonds are values obtained from
the caustic technique, red ones for MAMPOSSt, and black ones for DK
(from left to right, respectively). The average value and its error are the
solid and dashed lines, respectively. See the text for the computation of
the error. Right panels: values obtained from the kinematical analysis,
X-ray and WL (from left to right, respectively). The average value and
its error are the solid and dashed lines, respectively.
plication factor (since the three measures are independent), are
r200 = 2.16 ± 0.08 Mpc, rs = 0.54 ± 0.07 Mpc.
5. Velocity anisotropy profiles
Although with DK and MAMPOSSt we have assumed some
models for the velocity anisotropy profile, we now wish to
determine it in a non-parametric way using the Jeans equa-
tion. For this, we use the mass profile we obtained by com-
bining the information coming from the three dynamical meth-
ods, X-ray and WL. The Jeans equation contains four unknown
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quantities, therefore to solve it we need three other relations,
namely the Abell integrals to relate the projected number den-
sity and velocity dispersion to the real ones and assume a
mass profile for the cluster. This anisotropy inversion was first
solved by Binney & Mamon (1982), but several other authors
have provided simpler algorithms. We follow the approach of
Solanes & Salvador-Solé (1990), and we tested the results by
comparing them with those obtained following the approach of
Dejonghe & Merritt (1992). Once the mass profile is specified,
this procedure is fully non–parametric. In fact, instead of fitting
the number density profile, we binned and smoothed it with the
LOWESS technique (see e.g. Gebhardt et al. 1994). We then ob-
tained the 3D number density profile by using Abel’s equation
(e.g. Binney & Mamon 1982). In the same way, we smoothed
the binned σlos profile. This procedure requires the solution of
integrals up to infinity. Mamon et al. (2010) show that a 3σ clip-
ping removes all the interlopers beyond 19 virial radii. There-
fore, an extrapolation up to such a distance is enough to solve
the integrals having infinity as the integration limit. We used 30
Mpc as the maximum radius of integration, and extrapolate the
smoothed profiles up to this limit. A factor–2 change in the up-
per limit of integration does not affect our results in a significant
way.
The result of the anisotropy inversion is shown in Fig. 9. The
confidence levels were obtained by estimating two error contri-
butions. One contribution comes from the uncertainties in the
surface density and σlos profiles. Since 80% of the relative un-
certainty of the product Σσ2los comes from the uncertainty of σlos(Trilling et al. 2014), we only considered the error contribution
from the latter. It is virtually impossible to propagate the errors
on the observed σlos through the Jeans inversion equations to in-
fer the uncertainties on the β profile solution. We then proceeded
to estimate these uncertainties the other way around. We modify
the β profile in two different ways: 1) β(r) → β(r)+S+T r, and 2)
β(r) → J β(r) + Y, using a wide grid of values for the constants,
respectively (S , T ) and (J, Y). Using the mass and anisotropy
profiles, it is then possible to determine σr(r) and then the σlos
profile (e.g. Mamon & Łokas 2005b). The range of acceptable β
profiles is determined by a χ2 comparison of the resulting σlos
profiles with the observed one.
In addition, another source of uncertainty on the β profile
solution comes from the uncertainty in the mass profile. This
is estimated by running the anisotropy inversion for four differ-
ent mass profiles corresponding to the combination of allowed
values of virial and mass scale radii within 1σ. The profiles ob-
tained modifying the mass profile (not shown) lie within the con-
fidence interval of the main result, so that the confidence interval
represents the uncertainty on the anisotropy profile well.
The ALL sample β(r) depends weakly on radius: the inner-
most region is compatible with isotropy, while the anisotropy is
increasingly radial at large radii. The RED sample is compatible
with isotropy at all radii. The difference between the two sam-
ples is almost entirely due to the BLUE galaxies, the anisotropy
of which is compatible with isotropy in the centre, then becomes
rapidly radially anisotropic, and finally flattens at radii > 1Mpc.
As a check, we compare the values of β obtained from the
anisotropy inversion with the best-fit results of DK and MAM-
POSSt. In these techniques, we assumed a constant value of the
anisotropy for the RED sample, which appears to be a good as-
sumption given the results of β after the inversion. The value
estimated by both DK and MAMPOSSt is β = 0.0, consistent
within the uncertainties with the β profile shown in Fig. 9.
Fig. 9. Velocity anisotropy profiles for the ALL, RED, and BLUE
samples. The solid line is the result of the inversion of the Jeans equa-
tion, while the dotted lines are the 1σ confidence intervals. The vertical
dashed line locates the virial radius.
6. Q(r) and β − γ relations
Since our anisotropy inversion provides us with the radial varia-
tions of σ(r) =
√
σ2r + 2σ2t , β(r) (from which σr(r) follows), we
can take advantage of the results just found for the galaxy popu-
lations of A2142 to test the PPSD profile and the relation linking
the logarithmic slope of the density profile and the anisotropy
β(r).
Both the PPSD and β − γ relations were derived from dissi-
pationless single-component simulations. It is therefore not clear
whether the power-law PPSD and the linear beta-gamma rela-
tion, both found for the particles of single component dark mat-
ter (DM)-only simulations, will be obtained when using galax-
ies to measure the velocity dispersion or velocity anisotropy and
whether one should use the total density or the galaxy number
density in these two relations. We discuss this further in Sec-
tion 7.
6.1. Use of the total matter density profile
We begin by adopting the total density profile ρ(r). We compute
both the PPSD profile Q(r) = ρ/σ3 and its radial counterpart
Qr(r) = ρ/σ3r . In Fig. 10, we show, for the different tracers (ALL,
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Fig. 10. Radial profiles of Q (left columns) and Qr (right columns)
within the virial radius, and the 1σ confidence regions (shaded areas),
for different types of member tracers: green for the ALL sample (top
panels), red for the RED sample (middle panels), and blue for the BLUE
sample. The shaded areas represent the propagation of the errors asso-
ciated with ρ, σ and σr. The dashed lines are the power-law relations
Q(r) ∝ r−1.84 and Qr(r) ∝ r−1.92 found by Dehnen & McLaughlin (2005)
on numerically simulated haloes. The vertical dotted lines locate the
virial radius of the combined model (see Sect. 4).
RED, BLUE), the radial profile of Q(r) (left panels) and Qr(r)
(right panels) within the virial radius. To compute the errors on
the best-fit slope parameters, we have assumed that the number
of independent Q and Qr values are the same as those of the
observed velocity dispersion profile (see Fig. 5).
Assuming a power-law behaviour of the PPSD profile, as
suggested by Dehnen & McLaughlin (2005), we fit the profiles
of both Q(r) and Qr(r) in two ways, either keeping the exponent
fixed to the values found for haloes in ΛCDM simulations by
Dehnen & McLaughlin (2005) or considering it as a free param-
eter. In both cases the normalization is left as a free parameter.
In Table 4 the results of such fits are shown. The Q(r) profile
for the RED sample is consistent within less than 2σ with the
r−1.84 relation by Dehnen & McLaughlin (2005). The fit of the
profile with a linear relation in the log-log plane is compatible
with the theoretical value −1.84 within 1.7σ. On the other hand,
for the BLUE sample, the slope of the PPSD is steeper than the
theoretical expectation.
The σr profile is affected by larger uncertainties than the
σ profile, because the former combines the uncertainties from
the latter and β(r), which are the parameters produced by
the anisotropy inversion algorithm of Solanes & Salvador-Solé
(1990). It is therefore not surprising that, within the uncer-
tainties, the Qr profiles of all three samples appear consistent
with the theoretical expectation for simulated ΛCDM haloes
(Dehnen & McLaughlin 2005), Qr ∝ r−1.92. We note, however,
that the agreement is quite remarkable (within 0.3σ) for the
RED sample.
Ludlow et al. (2010) warn against fitting the pseudo phase–
space density profile outside the scale radius, because of the up-
turn they find in the Q(r) profile in the outer regions. However,
for our three samples, none of the Q(r) and Qr(r) profiles show
significant curvature in log-log space.
In Fig. 11, we show the anisotropy - density slope relation.
The β − γ relation of the ALL sample matches the one found
by Hansen & Moore (2006) closely in single-component dissi-
pationless simulations (cosmological and academic); however,
Fig. 11. Velocity anisotropy versus logarithmic slope of the total den-
sity profile. The samples are ALL galaxies (top), RED (middle), and
BLUE galaxies (bottom panel). The shaded areas are the 1σ confidence
regions. The β−γ relation found by Hansen & Moore (2006) for single-
component dissipationless simulations is shown as the dotted lines. The
dashed line is the limit below which the relation by Ciotti & Morganti
(2010) holds. The vertical dot-dashed line locates the value of γ at the
virial radius.
the β − γ relation for the RED sample shows curvature, with
lower values of β at the steeper slopes (larger radii) than found
in simulations by Hansen & Moore (2006).
It can be proven that all multicomponent spherical systems
with positive phase-space distribution function, for which 1)
the density of a component is a separable function of total
gravitational potential and radius, 2) β(0) ≤ 1/2 (i.e. are not
too much radially anisotropic at the center), necessarily satisfy
β(r) < −γ(r)/2, where the velocity anisotropy β and the loga-
rithmic slope of density γ are for that component, as shown in
Ciotti & Morganti (2010) (see also Van Hese et al. 2011). It is
not clear whether the galaxy components of clusters of galaxies
have such separable densities.
6.2. Use of the tracer density profile
As we discuss at length in Sect.7, it is not obvious that one
should use the total mass density profile rather than the tracer
number density profile in evaluating the PPSD and the β − γ
relations, when we want to compare them to those found in nu-
merical simulations. As a result, we now repeat our analyses of
the PPSD and the β−γ relations, replacing the total mass density
with the number density of the tracer of the sample.
In Fig. 12, we show the PPSD computed using the galaxy
number density profile instead of the total matter density
one. These PPSDs are either consistent with the relation of
Dehnen & McLaughlin (Q(r) for BLUE sample) or only slightly
shallower, but not less consistent with that relation than found
for the PPSDs computed with the mass density profile. 7
In Fig. 13, we show the β − γ relation computed using the
galaxy number density profile instead of the total matter density
one. The behaviour does not change significantly from the case
of the β−γ relation computed using the total matter density pro-
file: the overall shapes of the profiles are similar, but the BLUE
sample now presents a noisier profile, while ALL and RED pro-
7 Items in red in the main text are the consolidated version including
the Corrigendum of Munari et al. (2015)
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Table 4. Best-fit parameters of the PPSD profile
Q(r) Qr(r)
A B A B
[M⊙ Mpc−3 km−3 s3] [M⊙ Mpc−3 km−3 s3]
Fixed slope
ALL 5534 ± 314 −1.84 25071 ± 3341 −1.92
RED 7727 ± 391 −1.84 38484 ± 5622 −1.92
BLUE 1753 ± 294 −1.84 3998 ± 1084 −1.92
Free slope
ALL 6342 ± 367 −2.28 ± 0.11 29175 ± 4223 −2.27 ± 0.24
RED 8034 ± 411 −2.00 ± 0.09 38881 ± 5665 −1.77 ± 0.23
BLUE 3121 ± 793 −2.97 ± 0.50 5413 ± 1810 −2.60 ± 0.67
Q(r) GAL Qr(r) GAL
A B A B
[10−9 Mpc−3 km−3 s3] [10−9Mpc−3 km−3 s3]
Fixed slope
ALL 3.7 ± 0.18 −1.84 17. ± 2.2 −1.92
RED 2.9 ± 0.14 −1.84 13. ± 1.9 −1.92
BLUE 0.37 ± 0.056 −1.84 0.68 ± 0.18 −1.92
Free slope
ALL 3.6 ± 0.86 −1.72 ± 0.10 17. ± 2.4 −1.72 ± 0.23
RED 2.9 ± 0.59 −1.75 ± 0.09 14. ± 2.0 −1.52 ± 0.23
BLUE 0.36 ± 0.39 −1.74 ± 0.48 0.62 ± 0.21 −1.39 ± 0.66
Notes. The PPSD profile is parametrized as Q(r) = A rB. The first panel at the top shows the results of the fit of Q(r) and Qr(r) for the different
samples, both when keeping the exponent fixed to the values suggested by Dehnen & McLaughlin (2005), and when considering the exponent as a
free parameter. In the bottom panel (identified by Q(r) GAL and Qr(r) GAL), the same quantities are shown, but they refer to the PPSD computed
using the galaxy number density profile instead of the total matter density profile.
files are shifted towards higher values of γ, reflecting the shal-
lower trend of the galaxy number density profile with respect to
the matter density one. We discuss these results below.
7. Discussion
7.1. Dynamical status
Munari et al. (2013) report the scaling relation between the virial
mass of clusters and the velocity dispersion of the member galax-
ies within the virial sphere. Using the most realistic (“AGN”)
hydrodynamical simulation at their disposal, they find σ1D =
1177 [h(z) M200/1015M⊙]0.364 for the galaxies within the virial
sphere, where σ1D is the total 3D velocity dispersion within r200,
divided by
√
3. The analysis was carried out in the 6D phase
space, so is immune to projection effects. The statistical nature
of their relation suggests that it should hold for real, observed,
and relaxed systems. As a test, we checked the consistency of
the velocity dispersion – mass relation found by Munari et al.
(2013) with our findings for A2142. The values of virial mass
obtained with this relation are: 1.42× 1015M⊙ for the ALL sam-
ple, 1.07 × 1015M⊙ for the RED sample, and 2.50 × 1015M⊙ for
the BLUE sample. The values obtained for the ALL and RED
samples agree, within the uncertainties, with the combined value
of the mass of A2142. This seems to indicate that RED cluster
members are in, or very close to, equilibrium. The large differ-
ence obtained for the BLUE cluster members warns against us-
ing the blue galaxy los velocity dispersion as a proxy for the
cluster mass.
A glance at Table 3 indicates that our different estimates of
the mass concentrations are bimodal: the caustic and weak lens-
ing have values ≃ 4, while those for the DK, MAMPOSSt, and
X-ray methods are < 3. Could these lower mass concentrations
found by methods based upon internal kinematics be a sign that
A2142 is out of dynamical equilibrium? The substructures found
by Owers et al. (2011) and the results by Rossetti et al. (2013) on
the importance of the mergers undergone by A2142 suggest that
full relaxation is to be excluded. On the other hand, the agree-
ment on the virial radius amongst the different methods and with
the results from X-ray and lensing (the latter does not require
equilibrium) suggests that A2142 is not far from dynamical equi-
librium.
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Fig. 12. Same as Fig. 10, but now using the radial profiles of galaxy
number density instead of total mass density to estimate the PPSD.
Fig. 13. Same as Fig. 11, but now using the radial profiles of galaxy
number density of the three samples instead of total mass density to
estimate the slope.
In Fig. 14, the concentration – mass relation for A2142 is
shown along with theoretical relations by Bhattacharya et al.
(2013) and De Boni et al. (2013) based on cosmological N–
body and hydrodynamical simulations, respectively. The value
of the combined model [M200 = (1.25 ± 0.13) × 1015M⊙ and
c = 4.0 ± 0.5] agrees within 1σ with the “relaxed” case of
De Boni et al. (2013), while it is in excellent agreement with
both the relations by Bhattacharya et al. (2013). This strength-
ens the scenario of A2142 being very close to equilibrium.
7.2. Mass density profile
Previous studies based on the kinematics of galaxies in clus-
ters have shown that galaxy populations have similar con-
centrations to those of the total matter, or slightly smaller,
blue galaxies being instead much less concentrated (see, e.g.
Biviano & Girardi 2003; Katgert et al. 2004). On the other hand,
Biviano & Poggianti (2009) found in the ENACS clusters that
the red galaxy population has a concentration that is as much
as 1.7 times lower for the total matter density profile. Here, we
find that the scale radius for the RED galaxy number density
profile (0.95 Mpc) is 1.8 times greater than for the total mass
Fig. 14. Concentration – mass relation, with respect to an overden-
sity 200 times the critical one. Purple asterisk refers to the X–ray val-
ues by Akamatsu et al. (2011), orange diamond to the WL values by
Umetsu et al. (2009), small red circle refers to the values obtained by
MAMPOSSt, blue square by the caustic method, black triangle by DK,
the big black circle to the values of the combined model. Lines are
the theoretical predictions, and in black the relations by De Boni et al.
(2013) when considering all (solid) and relaxed (dotted) clusters. In
green the relations by Bhattacharya et al. (2013) when considering all
(solid) and relaxed (dotted) clusters.
density profile from our combined model, which agrees with
the ENACS result. Collister & Lahav (2005) found, on a stacked
sample from the 2dFGRS, values of galaxy concentration com-
parable to ours, when considering objects as massive as A2142
(see their Fig. 7), although with uncertainties that are too large
to distinguish between red and blue samples.
The scale radius of the BLUE population in Abell 2142 ap-
pears unusually high, leading to concentrations (using our com-
bined virial radius) of 0.16 (best) or 0.39 (+1σ), which are much
lower than expected from previous studies. Blue galaxies within
the virial cones of clusters are more prone to projection effects
than red galaxies: Mahajan et al. (2011) analyzed clusters and
their member galaxies in the SDSS, using los velocities and cos-
mological simulations to quantify the projection effects. They
conclude that 44 ± 2% of galaxies with recent (or ongoing) star-
bursts that are within the virial cone are outside the virial sphere.
Since galaxies with recent star formation have blue colours, our
BLUE sample includes this recent-starburst subsample, plus per-
haps some more galaxies with more moderate recent star for-
mation. Moreover, an analysis of cosmological simulations by
Mamon et al. (2010) indicates that there is a high cosmic vari-
ance in the fraction of interlopers within the DM particles inside
the virial cone. This suggests that the unusually low concentra-
tion of the blue galaxy sample could be a sign of an unusually
high level of velocity interlopers with low rest–frame velocities
in front of and behind Abell 2142.
Wojtak & Łokas (2010) find a virial radius that corresponds
to r200 = 2.15+0.10−0.12 Mpc, in excellent agreement with our differ-
ent estimates of the virial radius (Table 3). On the other hand,
they find a mass scale radius rs = 1.0+0.3−0.2 Mpc not compatible
with our value of the combined model, although in agreement
with the results of the DK, MAMPOSSt, and X-ray analyses.
Wojtak & Łokas assumed that the DM and galaxy scale radii
were equal. Such an unverified assumption may have biased high
their scale radius for the mass distribution. On the other hand,
the values of the mass scale radii that we found from DK and
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MAMPOSSt (0.93 and 0.83 Mpc, respectively, see Table 3) are
consistent with that of the RED galaxy population used as the
tracer (0.95 Mpc), as is in Wojtak & Łokas, both within the un-
certainties.
7.3. Velocity anisotropy profile
The velocity anisotropy profile for the ALL sample in the cen-
tre is compatible with the one found by Wojtak & Łokas (2010).
In the outer part, at ≃ 3 Mpc, the value of σr/σθ found by
Wojtak & Łokas (2010) is higher and offset from ours by 1.4σ.
An analysis of a stacked sample of 107 nearby ENACS clusters
(Biviano & Katgert 2004; Katgert et al. 2004) shows that the or-
bits of ellipticals and S0s (hence red) galaxies are compatible
with isotropy, while those of early and late-type spirals have ra-
dial anisotropy. At slightly higher redshifts, van der Marel et al.
(2000) also find red galaxies close to isotropy. The velocity
anisotropy profile for our BLUE sample presents behaviour that
lies in between the profiles found in Biviano & Katgert for the
early spirals and the late spirals together with emission line
galaxies, suggesting agreement between their findings and ours.
The anisotropy profile we found for the ALL sample appears
to be consistent with those measured by Lemze et al. (2012)
and Mamon et al. (2013) in simulated ΛCDM haloes. In sim-
ulations, data are usually stacked or averaged, and the scatter
in the anisotropy profiles is considerable (see e.g. Lemze et al.
2012; Mamon et al. 2013) and this reflects the variety of config-
urations of galaxy clusters. A2142 does not present strong de-
viations from the general trend, because its anisotropy profile is
compatible with this scatter.
7.4. PPSD profile and β − γ relation
Biviano et al. (2013) analyzed the pseudo phase–space density
on MACS1206, a cluster at z = 0.44. They find a Q(r) pro-
file with a slope for the blue galaxies in agreement with the
predictions of Dehnen & McLaughlin (2005), at odds with our
findings. We speculate that this different behaviour might pro-
vide a hint of the dynamical history of clusters. In fact, a cluster
that has only recently undergone the phase of violent relaxation
might present a population of blue galaxies in rough dynamical
equilibrium. On the other hand, a cluster that has undergone the
violent relaxation phase a long time ago, should have had time
to transform its blue galaxies into red ones. Therefore the blue
galaxy population would be mainly composed of only recently
accreted galaxies, hence not in dynamical equilibrium.
While galaxies are biased tracers of the DM velocity dis-
persion (Munari et al. 2013), if the velocity dispersion profile of
the galaxy component is proportional to that of the DM compo-
nent at all radii (i.e. no velocity bias relative to the DM), then
the PPSDs built from the galaxies should have the same slope
as the one built from the DM. On the other hand, if the ve-
locity bias of the galaxy component is a function of radius, as
found by Wu et al. (2013) in cosmological hydrodynamical sim-
ulations of clusters, then the PPSD built from the galaxies will
be different from the one built with the DM component (after
proper normalization). Since the DM component dominates the
gravitational potential of clusters, we infer that the consistency
of the PPSD, built with the total density and the velocity disper-
sion of the RED galaxy component, suggests that the velocity
bias of the component of red galaxies outside of substructures is
roughly independent of radius.
At all radii, the RED galaxy sample shows somewhat lower
β for given γ (measured with total mass density) than found in
simulated haloes. However, the β − γ relations have been de-
rived using DM-only simulations, which do not take the effects
of the presence of baryons into account. Now, if the tangential
and radial components of the velocity dispersion of the galaxy
population are proportional to those of the DM, then the veloc-
ity anisotropy of the galaxy population, written as A = σr/σθ
should be proportional to that of the DM, but the non-linear func-
tion ofA, β = 1−1/A2, measured for the galaxies, will not nec-
essarily be proportional to the analogous β for the DM. There-
fore, any radial variation of A, hence β, will lead to a bias in the
β − γ relation. Finally, the β − γ relation may vary from cluster
to cluster (Ludlow et al. 2011).
8. Conclusions
We have computed the mass and velocity anisotropy profiles of
A2142, a nearby (z = 0.09) cluster, using the kinematics of clus-
ter galaxies. After a membership algorithm was applied, we con-
sidered the sample made of all members (ALL sample), as well
as two subsamples, consisting of blue member galaxies (BLUE
sample) and red member galaxies that do not belong to substruc-
tures (RED sample).
We made use of three methods based on the kinematics
of galaxies in spherical clusters: DK, MAMPOSSt and Caus-
tic (see Sect. 3). The mass profiles, as well as the virial values
of the mass and the radius, are consistent among the different
methods, and they agree with the results coming from the X-
ray (Akamatsu et al. 2011) and the weak lensing (Umetsu et al.
2009) analyses. Serra et al. (2011) find that the caustic technique
tends to overestimate the value of mass in the central region of a
cluster. Our results appear consistent with this finding, because
the caustic mass profile increases more rapidly with radius in
the inner part with respect to the profiles coming from DK and
MAMPOSSt.
The parameters describing the mass profile are then used to
invert the Jeans equation and compute the velocity anisotropy
for the three different samples considered. Despite large uncer-
tainties, the β(r) profile for the full set of cluster members is
compatible with isotropy, becoming weakly radially anisotropic
in the outer regions. The behaviour of the RED sample is dif-
ferent. Although compatible within 1σ with isotropy at all radii
within r200, it is suggestive of a decreasing slope, starting slightly
radially anisotropic in the centre and becoming slightly tangen-
tially anisotropic at large radii. The difference between the β(r)
profiles for the ALL sample and the RED sample is mainly
due to the behaviour of the BLUE sample, which shows radial
anisotropy at all radii except in the centre where it is isotropic.
With the information obtained on A2142, we were able to
test some theoretical relations regarding the interplay between
the mass distribution and the internal kinematics of a cluster.
We investigated the radial profile of the pseudo phase–space
density (PPSD) Q(r), as well as its radial counterpart Qr(r).
When we considered the total density profile to compute Q and
Qr, we found that the profiles for A2142 are weakly consistent
with the theoretical expectations (Dehnen & McLaughlin 2005;
Ludlow et al. 2010) when considering the ALL sample, but a
good agreement is observed in the RED sample. This strength-
ens the scenario of blue galaxies being a population of galaxies
recently fallen into clusters, which have had no time to reach
an equilibrium configuration yet, or are heavily contaminated by
interlopers.
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We estimated the PPSD profile of the total matter, making the
assumption that the galaxy velocity dispersion is a good proxy
for the total matter dynamics. The PPSDs computed replacing
the total mass density by the number density of the tracer for
which we compute the velocity dispersion are consistent with
those computed with the mass density profile.
The velocity anisotropy configuration of the internal kine-
matics reflects the formation history of the cluster. Therefore we
expect a relation between the velocity anisotropy and the poten-
tial of the cluster. A relation linking the β(r) profile and γ(r),
the logarithmic slope of the potential, has been analysed and
compared to the theoretical results provided by Hansen & Moore
(2006), resulting in weak agreement. A correlation between the
β and γ appears to hold out to γ ≃ −2.3 in the RED sample,
corresponding to a radial distance ≃ 0.5 r200 ≃ 1 Mpc. Inter-
estingly, cluster-mass simulated ΛCDM haloes also follow the
Hansen & Moore relation out to slopes of γ ≈ −2.3 but not be-
yond (see Fig. 17 of Lemze et al. 2012). Our considerations do
not change when we compute the β − γ relation using the loga-
rithmic slope of the number density profile of galaxies instead of
the total matter density profile.
Before reaching any conclusion, we must keep in mind that
the present theoretical studies of the β − γ and PPSD relations
lack the influence of baryonic physics, as well as the dynamical
processes acting on galaxies but not on DM particles. This might
induce the differences when comparing the theoretical predic-
tions with the observational results.
When we have better control of these properties, the PPSD
might provide a powerful tool for the study of structure forma-
tion. As an example, the PPSD of the blue galaxies in A2142
appears very different from what has been found for the blue
galaxies in another cluster, MACS J1206.2–0847 at z = 0.44
(Biviano et al. 2013). This discrepancy suggests interesting per-
spectives for understanding the formation of galaxy clusters.
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